Morphine inhibits VEGF expression in myocardial ischemia.
Vascular endothelial growth factor (VEGF) may contribute to the resolution of myocardial ischemia by stimulating collateral circulation. Morphine analgesia after myocardial ischemia is thought to increase infarct size. We hypothesize that morphine inhibits myocardial VEGF expression by inhibiting hypoxia-induced factor 1alpha (HIF-1alpha) and the signal transduction mechanisms involving Erk-1,2 MAP kinase (p42/p44), and PI3 kinase activity (phospho-Akt). (1) In vitro: primary cultures of rat cardiac myocytes; (2) in vivo: rat coronary ligation model; (3) mRNA measurement: real-time reverse transcriptase-polymerase chain reaction; (4) protein measurements: enzyme-linked immunosorbent assay, Western immunoblot, electromobility shift assay (EMSA), and immunohistochemistry. Using rat cardiac myocytes in vitro, we show that morphine: (1) decreases hypoxia-induced VEGF(121) and VEGF(165) mRNA expression and VEGF protein concentration through an opioid receptor mechanism; (2) decreases HIF-1alpha protein expression (immunoblot) and nuclear protein binding to the VEGF HIF-1alpha DNA response element (EMSA); and (3) inhibits phospho-Erk-1,2 MAP kinase (immunoblot) and phospho-Akt kinase activity (immunoblot). Using a rat coronary ligation model, we show that morphine treatment: (1) decreases myocardial VEGF protein expression (immunohistochemistry); (2) decreases HIF-1alpha protein expression (immunoblot); and (3) decreases phospho-Erk-1,2 and phospho-Akt expression. (1) Morphine inhibits hypoxia-induced VEGF transcription, in part, through an HIF-1alpha-mediated mechanism and (2) morphine inhibition of hypoxia-induced HIF-1alpha may be mediated by inhibition of ERK 1,2 MAP kinase activity and PI3 kinase activity.